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Objective Cytokines are believed to have a role in the pathophysiology of major depression. The alteration in levels of pro-inflamma- 
tory cytokines [interleukin 1|3 (IL-lp), IL-2, IL-6, IL-12, interferon y, and tumor necrosis factor a] in major depression supports the cy- 
tokine hypothesis of this illness. IL-23 and IL-17 are also pro-inflammatory cytokines, but few studies have focused on their role in ma- 
jor depression. This study investigated the potential role of the IL-23 and IL-17 axis in major depression. 

Methods Plasma IL-23 and IL-17 levels were measured in 26 major depressive disorder (MDD) patients before and after 6- week treat- 
ment with antidepressants; these levels were measured in 28 age- and sex-matched normal controls. Depression severity was assessed 
using the Hamilton Depression Rating Scale (HDRS). IL-23 and IL-17 plasma levels were estimated using quantitative enzyme-linked 
immunosorbent assay. 

Results Pre-treatment plasma levels of IL-23 and IL-17 in MDD patients were not significantly different from those of normal con- 
trols. In MDD patients, IL-23 and IL-17 levels after 6 weeks of antidepressant treatment were not different from the baseline levels. There 
was no significant correlation between changes in the cytokine levels and changes in the HDRS scores representing the severity of de- 
pression. 

Conclusion The present study does not support a potential involvement of IL-23 and IL-17 axis in major depression. Replication and 
extension using a larger sample are required. Psychiatry Investig 201 3; 1 0:294-299 
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INTRODUCTION 

Accumulating evidence suggests that dysregulation of im- 
mune system, particularly the cytokine system, is associated 
with the pathophysiology of major depressive disorder 
(MDD).'"' Although the central nervous system affects the 
immune system via the autonomic nervous system and neu- 
roendocrine system, the immune system inversely affects the 
central nervous system, via a cytokine network secreted by 
immune cells, to control behaviors and emotions.'' Cytokines 
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are both immunoregulators and modulators of neural func- 
tions. Pro-inflammatory cytokines [including interleukin 1 
(IL-1), IL-6, tumor necrosis factor a (TNF-a), and interferon 
Y (IFN-y)] play important roles in the central nervous system, 
such as controlling neuronal and glial activation, prolifera- 
tion, differentiation, as well as affecting neuronal plasticity, 
synaptogenesis, and tissue repair.'' 

Several studies suggest that pro-inflammatory cytokine 
overexpression in the brain is an important factor in MDD.^ 
Some studies indicate that levels of monocytic pro-inflamma- 
tory cytokines (IL-6 and TNF-a) are significantly higher in 
MDD patients and associated with immunological dysregula- 
tion in MDD."' Moreover, the T-helper 1 (Thl; IL-2 and IFN- 
Y) and Th2 (IL-4) cytokine imbalance seems to play crucial 
roles in MDD pathogenesis.* 

IL-17 is one of the Thl7 cell-secreted cytokines, which in- 
clude IL-17A, IL-17F, IL-6, IL-22, and granulocyte macro- 
phage colony-stimulating factor (GM-CSF), whereas IL-23, 
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along with transforming growth factor p (TGF-(3), is involved 
in the differentiation of naive CD4+ T cells into Thl7 cells in 
a pro-inflammatory context.' In the presence of IL-23 and 
TGF-(5, naive CD4+ T-cells become IL-17-producing Thl7 
cells via the transcription factor retinoic acid receptor- related 
orphan receptor yt. IL-17 activates fibroblasts to produce pro- 
inflammatory cytokines such as IL-6 and TNF-a, resulting in 
inflammation and tissue destruction in various autoimmune 
disorders.'" Thus, both IL-23 and IL-17 form an axis through 
Thl7 cells, playing a key role in immune activation and im- 
munopathogenesis of a number of diseases.'' There have been 
many studies suggesting that Thl7 cells have a crucial role in 
several inflammatory responses and have a close association 
with autoimmune diseases. The IL-23/IL-17 axis is associated 
with several inflammatory conditions such as inflammatory 
bowel disease (IBD),'^ psoriatic arthritis,'^^ multiple sclerosis,''' 
autoimmune myocarditis," and rheumatoid arthritis."" There 
is some evidence that IL-17 is the major regulator of central 
nervous system autoimmunity.'^ 

There have been reports that patients with psoriatic disor- 
der frequently have psychiatric co-morbidity, particularly 
major depression, and biological factors may also explain the 
association between psoriasis and MDD.'* Patients with IBDs, 
such as ulcerative colitis and Crohn's disease, frequently have 
co-morbid depression and related disorders." Clinically, sig- 
nificant depression can occur in up to half of all patients with 
multiple sclerosis and is associated with increased morbidity 
and mortality. Considering the above findings, we hypothe- 
size that psychopathological factors, as well as biological fac- 
tors, may explain the association between these autoimmune 
diseases and MDD. 

However, to date, compared to other monocytic, Thl, and 
Th2 cytokines, the IL-23 and IL-17 axis has been less investi- 
gated in the context of mood disorders. We hypothesized that 
Thl7-related pro-inflammatory cytokines have a role in MDD 
pathogenesis. Our study investigated whether the plasma lev- 
els of IL-17 and IL-23 are higher in MDD patients than in 
normal controls. Further, we investigated the plasma levels of 
IL-17 and IL-23 after 6 weeks of antidepressant treatment, 
comparing these with baseline levels in MDD patients. 

METHODS 
Subjects 

Twenty-six MDD patients among the psychiatric patients 
who were admitted to Korea University Ansan Hospital from 
May 2007 to December 2010 were recruited. Patients were di- 
agnosed based on the Diagnostic and Statistical Manual of 
Mental Disorder (DSM-IV) for MDD.^° Patients with co-mor- 
bid psychiatric disorders such as bipolar disorder or schizoaf- 



fective disorder were excluded. Patients with medical condi- 
tions (such as autoimmune or infective disorders) or receiving 
medications (such as corticosteroids and antibiotics) that 
could affect plasma cytokine levels were also excluded. 

Psychiatric interviews were conducted by a trained physi- 
cian using the DSM-IV Structured Clinical Interview. Depre- 
ssive symptoms were assessed using the Hamilton Depression 
Rating Scale (HDRS)^' at baseline and 6 weeks after treatment. 
The baseline HDRS scores of MDD patients were >18 (27.9± 
5.1). 

MDD patients were treated with various antidepressants. 
Of the 26 patients, 7 were treated with venlafaxine (mean, 
112.5 mg; range, 37.5-150 mg), 6 with paroxetine (mean, 
27.08 mg; range, 25-37.5 mg), 5 with escitalopram (mean, 17 
mg; range, 10-20 mg), 3 with mirtazapine (mean, 20 mg; 
range, 15-30 mg), 3 with bupropion (300 mg), and 2 with 
fluoxetine (20 mg). The mean and standard deviation (SD) of 
HDRS scores after 6 weeks of antidepressant treatments in the 
MDD patients was 9.8±8.3. 

Twenty-eight healthy, non-psychiatric normal controls were 
recruited through local advertisements and received a mone- 
tary reward for their participation. They agreed to participate 
in the present study and were given a non-structured clinical 
interview. Subjects who had past psychiatric history, a family 
history of mental illness among first and second-degree rela- 
tives, substance abuse history, autoimmune disease, or infec- 
tive disorder were excluded. All normal controls had been free 
from physical illness within the 2 weeks before the study. They 
showed normal findings from several laboratory tests, includ- 
ing blood chemistry, liver/thyroid function test, chest X-ray ra- 
diography, and electrocardiography. Demographic data of pa- 
tients and normal controls are summarized in Table 1. 

Informed consent was obtained from both the groups. This 
study was approved by the Korea University Ansan Hospital 
Institutional Review Board. 

Sample collection and measurement of plasma levels 
ofIL-17 and IL-23 

Ulnar venous blood samples (2 mL) were collected in a lith- 
ium heparin vacuum tube for 1 h (from 8:00 A.M. to 9:00 
A.M.) for both the groups. After centrifiigation at 3000 rpm 
for 10 min, plasma samples were divided into microcentri- 
fuge tubes (Eppendorf ), and frozen immediately at -70°C un- 
til use. 

Plasma levels of IL-17 and IL-23 were determined by a sol- 
id-phase sandwich enzyme immunoassay using a human IL- 
17 and IL-23 enzyme-linked immunosorbent assay kit (Wu- 
han EL\ab Science, USCNLIFE, CHINA, cat# E0063h and 
E0384h). Assays were performed in duplicate according to 
the manufacturers recommendations. 
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Briefly, 100 \iL of standards and samples were pipetted into 
each well and incubated at 37°C for 2 h. Cytokines were bo- 
und by the detection antibody (100 [iL of the detection reag- 
ents A and B) and incubated at room temperature for 2 h. 
Following a final washing procedure, 90 [iL of substrate solu- 
tion was added to each well and incubated at 37°C for 30 min. 
Subsequently, 50 \iL of stop solution was added to each well. 
The optical density of the color reaction was read using a mi- 
croplate reader at a wavelength of 450 nm. The intra- and in- 
ter-assay coefficients of variation for all analyses were less 
than 8%. 

Statistical analyses 

We used the Statistical Package for the Social Sciences (SP- 
SS) version 12.0 for all analyses. Regarding the relatively small 
sample size, we analyzed our samples by nonparametric meth- 
od. Mann-Whitney test were used for comparing baseline 
plasma levels of IL-17, IL-23 of the both groups while WU- 
coxon signed rank test examined the changes in cytokine level 
after antidepressant treatment. Chi-square tests were con- 
Table 1 . Demograplilc data 





Major depression 


Normal controls 




(N=26) 


(N=28) 


Gender (male/female) 


5/21 


5/23 


Age (years) 


36.7±9.4 


35.6±6.7 


Age at onset (years) 


31.6±12.5 




BMI (kg/m^) 


24.30± 10.23 


22.86±2.74 


Medication status on 






baseline 






Medication-naive 


20 




Medication-free for 


6 




more than 6 month 






Subtypes 






Melancholic 


18 




Atypical 


8 




HDRS score at baseline 


27.96±5.11 




HDRS score at 6 weeks 


9.88±8.36 





HDRS: Hamilton Depression Rating Scale, BMI: body mass index 
Table 2. Comparison of the baseline cytol<ine levels between nor- 



mal controls and MDD patients 




Subject 


Median 


Range 


p-value* 


IL-17 


Normal 


36.14 


(3.29-259) 


0.253 




MDD 


23.29 


(0.43-649) 




IL-23 


Normal 


25.62 


(13.31-123.31) 


0.609 




MDD 


27.15 


(12.54-284.85) 





ducted to analyze the association between the groups for dis- 
crete covariates. Correlations between levels of IL-17 and IL- 
23 and HDRS score were evaluated using the Spearman's 
correlation test. The nuU hypothesis was rejected at p<0.05. 

RESULTS 

Demographic data 

The characteristics of the study population are listed in Ta- 
ble 1. There were no significant differences in the male/female 
ratio (x'=0.017, p=0.897), age (Z=-0.172, p=0.864), and body 
mass index (BMI) (Z=-0.912, p=0.362) between the MDD pa- 
tients and normal controls. 

Baseline plasma cytokine levels in MDD patients 
and normal controls 

IL-17 and IL-23 was detected in all MDD patients and con- 
trols. The baseline plasma levels of IL-17 and IL-23 of MDD 
patients was not statistically different from those of controls 
(Table 2, Figure 1). 

Further, no statistically significant differences were ob- 
served in cytokine levels between the melanchoUc and atypi- 
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*Mann-Whitney test, p<0.05; pg/mL. IL: interleukin, MDD: major 
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Figure 1. Comparison of the baseline cytokine levels between nor- 
mal controls and MDD patients. MDD: major depressive disorder 
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cal subtypes of MDD patients (p=0.657 for IL-17; p=0.824 for 
IL-23). 

Levels of these cytokines and HDRS score of MDD patients 
were not significantly correlated (rj,=-0.133, p=0.517 for IL-17; 
r =0.111, p=0.590 for IL-23). 

Changes in plasma cytokine levels after 
antidepressant treatment in MDD patients 

In MDD patients, IL-17 and IL-23 levels did not signifi- 
cantly change after 6 weeks of antidepressant treatments (Ta- 
ble 3, Figure 2). The changes in cytokine levels after 6 weeks 
of antidepressant treatment and the HDRS score at 6 weeks 



Table 3. Changes in plasma cytoi<ine levels in IVIDD patients after 
antidepressant treatment 





Week 


Median 


Range 


p-value* 


IL-17 


0 


23.29 


(0.43-649) 


0.830 




6 


29 


(6.14-224.71) 




IL-23 


0 


27.15 


(12.54-284.85) 


0.914 




6 


25.23 


(12.54-527.92) 





*Wilcoxon signed rank test, p<0.05; pg/mL. IL: interleukin, MDD: 
major depressive disorder 
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Figure 2. Comparison of cytokine levels in MDD patients at base- 
line and 6 weel<s after antidepressant treatment. MDD: major de- 
pressive disorder. 



after treatment were not significantly correlated (rs=0.113, 
p=0.581 for IL-17; r =-0.099, p=0.629 for IL-23). 

DISCUSSION 

The first major finding of our study is that IL-23 and IL-17 
levels in MDD patients were not significantly higher than 
those in normal controls. Another study reported that in- 
creased IL-17 levels are associated with the severity of anxiety 
in rheumatoid arthritis patients.^^ These studies indicate a 
possibility that IL-17, among the cytokines related to Thl7 
cells, may be associated with anxiety symptoms in autoim- 
mune disease, not with psychiatric diseases. However, Chen 
et al. reported that a Thl7/Treg imbalance exists in MDD pa- 
tients, which may have implications for the pathogenic role of 
Thl7 cells in MDD.^' There is difference between Chen's study 
and our study; Chens study showed relative male preference 
in gender distribution but our study included relatively more 
female subjects. 

The second major finding of this study is that IL-23 and IL- 
17 levels in MDD patients did not decreased after 6 weeks of 
antidepressant treatment. A previous study reported various 
antidepressants, including tricyclic antidepressants, selective 
serotonin re-uptake inhibitors (SSRIs), and serotonin-noradre- 
naline reuptake inhibitors, show negative immunoregulatory 
effects by suppressing the IFN-/IL-10 production ratio. Mo- 
reover, many studies reported decreased levels of various pro- 
inflammatory cytokines after antidepressant treatment."^"^* 
However, our findings does not support a potential negative 
immunoregulatory effects of IL-23 and IL-17 axis after antide- 
pressants treatment. 

Recently, the cytokine hypothesis of depression has re- 
ceived attention for several reasons. First, chronic inflamma- 
tory diseases are frequently associated with depression. Sec- 
ond, the association between immune dysfiinction and MDD 
is bidirectional. Not only are serum levels of many pro-in- 
flammatory cytokines increased in depressive disorder, but 
also the medications that affect the cytokine system affect 
mood. Endotoxin administration in humans results in sick- 
ness behavior, whereas endotoxin has little effects on physical 
sickness symptoms.^' Third, these sickness behaviors improve 
when treated with antidepressants.™ Postmortem studies of 
brain tissues from drug-naive MDD patients have shown in- 
creased expression of pro-inflammatory cytokines.'' 

Although the majority of studies support the cytokine hy- 
pothesis of MDD which implies positive association between 
immune dysregulation and MDD, there also have been some 
reports against this theory. There have been studies of outpa- 
tients with depressive disorder that showed no significant dif- 
ferences in pro-inflammatory cytokine profiles when com- 
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pared to normal controls.'^^^ If immune dysregulation causes 
elevation of cytokine levels in MDD, remission or even a redu- 
ction in depressive symptoms would be expected to reduce 
the cytokine levels. However, Hannestad et al. reported that a 
meta-analysis of various studies failed to show a statistically 
significant effect of antidepressant treatment on serum levels 
of IL-6 and TNF-a.'' Another group of studies reported that 
SSRI treatment did not significantly change TNF-a serum 
levels regardless of the reduction in depressive symptoms/*"''' 
Our results conflict the cytokine theory of major depression. 
In our study, the HDRS score significantly reduced after 6 
weeks of antidepressant treatment (27.96±5.11 to 9.88±8.36). 
However, no significant differences in cytokine levels were 
observed, despite the marked improvement of depressive sym- 
ptoms. 

Our results have some limitations. First, the relatively small 
sample size may have limited the power of a possible associa- 
tion between the IL-23/IL-17 axis and major depression. Sec- 
ond, although the normal controls underwent a clinical inter- 
view, subclinical depressive symptoms might not be detected. 
Psychological stresses may affect the cytokine profiles of nor- 
mal controls, resulting in increased pro-inflammatory cyto- 
kine levels. 

However, in addition to the limitations, our study has vari- 
ous strengths. Numerous confounding factors that can affect 
the plasma levels of cytokines, such as gender, age, and BMI,'* 
were controlled. We tried to exclude the effect of drug use. 
Twenty patients were medication-naive and another 6 pa- 
tients were enrolled after a medication-free period of at least 6 
months. Patients with medication-free period of less than 6 
months were excluded because use of antidepressants can af- 
fect serum cytokine levels. Further, we tried to minimize the 
difference of age and BMI between the MDD patients and co- 
ntrol groups; no statistically significant differences were found 
in age and BMI. Although we collected samples from groups 
with a similar male/female ratio, we could not explore the ef- 
fect of gender on cytokines due to the preponderance of fe- 
males (5 males and 21 females in MDD and 5 males and 23 
females in controls). This factor should be focused on in fu- 
ture studies. 

In conclusion, we failed to find a statistically significant as- 
sociation between the IL-23/IL-17 axis and MDD. However, 
there have been some reports suggesting a pathogenic role of 
Thl7 cells in MDD. Future studies with larger sample sizes 
are necessary to confirm our results. 
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